Background and objectives Since 1998, 35% of kidney transplants in the United States have been derived from living donors. Research suggests minimal long-term health consequences after donation, but comprehensive studies are limited. The primary objective was to evaluate trends in comorbidity burden and complications among living donors.
Introduction
Living kidney donors have constituted 45% of donors and 35% of kidney transplants in the United States since 1988 (1) . Kidney transplantation provides an important survival benefit to patients relative to dialysis (2) (3) (4) . Living-donor kidney transplantation is an increasingly important option for candidates because of expanding waiting times to receive a deceased donation (5, 6) . Studies evaluating long-term safety of living donation suggest minimal long-term risks, including no increased mortality for living donors compared with matched controls, but relative increases in surgical mortality among African Americans, Hispanics, men, and donors with hypertension (7) . Among living donors with private health insurance, African Americans, and Hispanics have increased risk of hypertension and diabetes subsequent to donation, but the incidence of ESRD is ,1% with 8-year follow-up (8) . Studies identified no increased risk of fractures, cardiovascular events, or cancers among donors relative to matched controls (9) (10) (11) .
Although the principal findings on risks for living donors are reassuring, continued vigilance regarding their safety is critical. Recommendations from the 2010 living-donor follow-up writing group stated the need to capture information from data sources beyond the Organ Procurement and Transplant Network (OPTN) forms to include information of psychosocial assessment and to improve surveillance of comorbid conditions (12) . Particularly given evidence that screening criteria for living donation vary among centers and may have become more liberal in recent years, monitoring short-and long-term health of donors from all sources is important (13) (14) (15) (16) .
To examine the presence of comorbid conditions and evaluate short-term health of living donors beyond what is collected by the OPTN, we undertook a study using national hospitalization databases. The Agency for Healthcare Research and Quality (AHRQ) maintains research files compiled for hospitalized patients across the United States. As opposed to standard transplant forms, these files include all diagnoses and procedure codes that occur during hospitalization. The aims of the present study were to evaluate (1) the external validity of samples derived from national hospitalization files for living donors in the United States, (2) the incidence of and risk factors for procedure-related complications and length of stay (LOS) for living donors, (3) secular trends in comorbidity burden among living donors, and (4) outcomes of living donation compared with other common and relatively low-risk abdominal surgeries.
Materials and Methods
Two data sources were used for this study: the National Inpatient Sample (NIS) developed by AHRQ and the Scientific Registry of Transplant Recipients (SRTR). The NIS is a stratified clustered sample of all hospitalizations in the United States (17) . The SRTR data system includes data on all donors, wait-listed candidates, and transplant recipients in the United States, submitted by the members of OPTN, and has been described elsewhere (18) . The Health Resources and Services Administration, U.S. Department of Health and Human Services, oversees the activities of the OPTN and SRTR contractors. SRTR data were used to compare and externally validate the composition of the NIS sample. We incorporated data for adult patients (age $18 years) from both data sources between 1998 and 2010.
Three criteria were used to identify living donors in the NIS database. First, patients had an International Classification of Diseases, Ninth Revision (ICD-9), diagnosis code indicating kidney donation (V59.4). Second, patients must have received a procedure code for nephroureterectomy (5551). Finally, we only included admissions coded as elective (as opposed to emergent). For comparison purposes, we also identified adult patients age 18-65 years undergoing other abdominal surgical interventions. The methods for identifying each of these cohorts were complied from other studies using NIS as follows: Patients undergoing appendectomies had primary ICD-9 procedure codes of 47.01 or 47.09 along with ICD-9 diagnosis codes of 540.0, 540. (19) (20) (21) . Procedure-related complications were defined by ICD-9 diagnosis codes related to the primary procedure for the given hospitalization. These ICD-9 codes (996.3-999.3) have been used to characterize surgical complications in several studies (22) (23) (24) .
The NIS data sample contains weights representing patient and hospital characteristics and the applicable composition of the United States population. These weights are important to incorporate in statistical analyses, and they affect the variability of estimates. As such, we used survey regression procedures designed to incorporate weights for descriptive statistics and multivariable models. In the present study, univariable comparisons of categorical variables were made with the Rao-Scott chi-squared test, and multivariable survey binary logistic and linear regression models were used to evaluate independent factors associated with outcomes. We also used NIS severity files to extract comorbid conditions of patients that were established by AHRQ; algorithms for identifying conditions are available online (25) . Comorbid conditions that were rare (,0.5% of the sample) or that were not considered clearly characterized as baseline factors (present on admission) as opposed to hospital-acquired were ignored for the purpose of this study. Of note, "private pay" insurance patients are considered synonymous with those with commercial insurance in these data. The clinical and research activities being reported are consistent with the Principles of the Declaration of Istanbul, as outlined in the Declaration of Istanbul on Organ Trafficking and Transplant Tourism. The study was approved by the Cleveland Clinic Institutional Review Board. All analyses were conducted using SAS software, version 9.2 (SAS Institute, Inc., Cary, NC).
Results

Study Population
The number of adult living kidney donors in the United States from 1998 to 2010 identified with the NIS was 69,117. This represented 89% (69,117 of 77,702) of living donors compared with the same time period from SRTR data ( Table 1) . Average age was approximately 40 years; 70% of donors were white, and 59% were female. The composition of the NIS sample was very similar to that of the SRTR, although the SRTR data contained a statistically significant greater proportion of white persons (P,0.001).
Presence of Comorbid Conditions among Living Donors
The overall proportion of documented comorbid conditions was relatively low (,5%); however, several conditions have increased substantially in recent years, including diagnoses of hypertension, depression, and hypothyroidism, which more than tripled over the period ( Figure 1 ). As indicated in the figure, changes in documented comorbidity burden were not uniform; for example, the proportion of patients with hypertension has increased dramatically in the past few years, while the proportion of donors with depression and hypothyroidism has increased steadily since approximately 2000.
Factors Associated with Presence of Comorbid Conditions
On the basis of multivariable models, the annual likelihood of diagnoses of obesity, depression, hypertension, and hypothyroidism all increased significantly over the study period (Table 2 ). In addition, several factors were associated with diagnosis of these conditions. Depression was more common among older donors; women; white persons; and patients who had diagnoses of obesity, chronic pulmonary disorders, and hypothyroidism.
Obesity was associated with being female, being African American, and having diagnoses of hypertension and chronic pulmonary disease. Hypertension was associated with older age, African American ethnicity, donors with Medicare as primary payer, and presence of obesity and chronic pulmonary disorders. Finally, hypothyroidism was associated with older age, being female, being white, and diagnosis of depression.
Procedure-Related Complications
The proportion of patients who experienced procedurerelated complications was 7.9%. As displayed in Figure 2 , the proportion of living-donor complications declined over the study period. Among donors experiencing a complication, the most common reported types included digestive disease (32%), respiratory (14%), accidental puncture or laceration (13%), urinary (11%), hemorrhage or hematoma (11%), infectious (9%), and cardiac (4%). Each of these specific types of complications declined over the study period. Complications were higher among men than women (9.6% versus 7.2%; P,0.001), among African Americans (10.4%) and whites (8.7%) compared with other race groups (6.3%; P,0.001), among donors without private pay insurance (8.5%) compared with those who had private pay (7.3%; P=0.002), and donors with hypertension (17.7%) compared with patients without hypertension (7.9%; P,0.001). The multivariable model indicated that being male, having nonprivate insurance, and donors with hypertension were independently associated with procedure-related complications (Table 3 ). In contrast, more proximate year and race groups not categorized because being African American or white was associated with lower likelihood of complications.
LOS
The average 6 SEM and median LOS for living donors during initial hospitalization was 3.3 6 0.02 days and 2.7 days, respectively. As depicted in Figure 2 , LOS declined over the period; median LOS was 3.69 days in 1998 compared with 2.46 days in 2010. On the basis of the multivariable linear regression model, factors associated with shorter LOS included more proximate year and Medicare primary insurance (Table 3 ). In contrast, older age, presence of obesity, depression, hypertension and chronic pulmonary disease, lower median income, smaller hospital size, and privately controlled hospitals were associated with longer LOS.
Outcomes Compared with Other Surgery Populations
During the same study period, there were 3,011,628 cholecystectomies, 2,262,065 appendectomies, and 13,461 nephrectomies for nonmetastatic carcinoma. The rates of nephrectomies for carcinoma (P=0.97) and appendectomies (P=0.06) did not change over time, whereas cholecystectomies increased over time (2% per year; P=0.01). The proportion of procedure-related complications was similar between each of the groups, with the exception of nephrectomy patients for nonmetastatic carcinoma, which exceeded 18% of cases ( Figure 3 ). Median LOS was 2.06 days for patients who had cholecystectomy, 1.43 days for those having appendectomy, and 4.16 days for those undergoing nephrectomy for carcinoma. Figure 4 depicts the annual rate of change in complications and LOS. As indicated, each of the groups had an annual decline in complications, but the decline was most pronounced among the livingdonor population compared with all other groups (P,0.001). Similarly, LOS declined most dramatically among living donors (P,0.001), and there was no change among patients with cholecystectomy. Mortality rates during hospitalizations for the respective interventions were 0.17% among living donors, 0.15% among patients having cholecystectomy, 0.40% among those undergoing appendectomy, and 0.42% among those undergoing nephrectomy for carcinoma. The proportion of comorbid conditions among each surgical group stratified by era (1998-2001, 2002-2006, and 2007-2010) are displayed in Table 4 . As depicted in the table, the overall level of comorbid conditions was generally lower among living donors in each era. In addition, there was a relative increase in documented comorbid conditions for each of the surgery groups. In the most recent era, the proportion of the comorbid conditions among living donors ranged between 3% and 3.5%. 
Discussion
The primary findings of the study were (1) that the NIS provides a highly representative sample of living donors in the United States and that, on the basis of these data, (2) the proportion of procedure-related complications and LOS have declined over the past decade, (3) documented comorbidity burden has increased, and (4) complication rates among living donors are similar to patients undergoing cholecystectomies and appendectomies. Cumulatively, these data confirm that short-term risks associated with living donation are relatively modest, but the long-term impact of complications and comorbid conditions may be particularly important to evaluate in coming years.
Monitoring the health of living donors is an important responsibility of the transplant community. However, the precise evaluation of donor outcomes with standard data sources has been a significant challenge because of incomplete follow up (26, 27) . In addition, determining a cohort that may serve as an accurate control group for evaluating the health of living donors is complex given screening processes and underlying characteristics of donors. This study evaluated factors that contribute to shortterm complications, which may be a proxy for long-term health, and places findings into perspective among other relatively low-risk abdominal surgical interventions. It is noteworthy that factors associated with short-term complications identified in this study (older age, being male, and hypertension) also persist with longer-term follow-up (7) (8) (9) . Results of this study may be useful to disseminate to donors and donor advocates for the purpose of informed consent and treatment planning after the procedure (28) .
One of the prominent purposes of this study was to describe the level of comorbidity burden among living donors. The findings indicate that the proportion of living donors with selected comorbid conditions has been 3%-3.5% in recent years. Thus, the magnitude of these comorbid conditions is relatively low but also should be placed in the context that they are rising and represent average rates that are likely to vary among centers (16) . For example, Rodrigue et al. reported significant center-level variability of psychosocial criteria for living donation, indicating that the observed levels of depression may not be uniform across all centers (29) . A recent study also documented increased trends with acceptance of donors of older age, obese donors, and those with glucose intolerance (30) . Combined with the current findings, these studies improve our understanding of current practice with acceptance criteria of living donors and potentially inform whether certain conditions could or should be incorporated into living donor guidelines. Clearly there is also an important need to continue to assess whether these conditions manifest into any differences in long-term outcomes for the living-donor population. While relatively rare, several studies have evaluated short-term complications and morbidity for living donors. Patel et al. reported a 10% overall complication rate after living donation, including a 4% major complication rate (31) . On the basis of more than 6000 cases from the NIS between 1999 and 2005, Friedman et al. reported an 18% complication rate after donation, with higher risks among older and obese donors (32) . The higher rate reported in the Friedman study did not incorporate the weights derived from the complex survey design of the NIS but was also based on the selection of specific complications that were not classified as procedure-related used in the present study. Columbo et al. reported only a 0.6% complication rate among living donors using NIS data through 2006 (33) . However, the complications considered were relatively narrowly defined and excluded most procedurerelated complications. We specifically selected to use criteria that indicated that complications were related to surgery and provided comparable rates using other relatively lowrisk surgical interventions. Although this method may ignore certain complications that were coded by other diagnoses, the complications that were documented are likely to be accurate, less subject to interpretation as to whether they were truly "procedure-related," and comparable to other surgical groups and over time. One of the findings of the study was a 0.17% mortality rate among living donors. This rate is significantly higher than reported in other studies, in which estimates are approximately 0.03% (7, 34) . It is certainly possible the mortality data reported in this study may be influenced by a few cases of patients misspecified as living donors and should be interpreted with caution given that the limitations for identifying donors with certainty using ICD-9 coding.
Reduction in LOS has been reported for living donors and is partially ascribed to more frequent use of laparoscopic procedures (19, 35) Consistent with past findings, the current study confirms that age, obesity, and hypertension are associated with longer LOS. Of note, this study also demonstrated that diagnosis of depression, chronic pulmonary disease, and payer status were associated with LOS. Also of interest was that both complication rates and average LOS declined more rapidly among the living-donor population compared with other surgical comparative groups. This may reflect improvement in surgical practice and changes in practice specific to donation despite indicators that donors may be more medically complex in recent years.
Evaluation of donor outcomes using the hospitalization files has several important advantages. First, these data capture all diagnoses and procedure codes associated with hospitalizations that are not available in standard forms. Second, compared with studies using single-payer administrative data (e.g., Medicare), these files make up the largest all-payer hospitalization database in the United States. Third, these data allow comparison of other surgical conditions using equivalent methods.
However, these data also have important limitations. These data lack comprehensive long-term follow-up information, and ICD coding can be limited with respect to underreporting of conditions that are not used for administrative purposes. A good example of this in the present study is the diagnosis of obesity, which is clearly underreported according to diagnosis claims (in this study, the proportion of patients with obesity in 2009 was 3.7%) compared with United Network for Organ Sharing data, which indicates 22% of donors have a body mass index .30 kg/m 2 (12) . Conversely, there may be some reluctance to document comorbid conditions among some patients because of the deleterious effect on insurance eligibility. In addition, the incidence of complications can be sensitive to the specific codes that are considered. We limited complications to those defined as procedure-related, but other conditions may be important to further delineate severity (31, 36, 37) . It is also possible that more rigorous evaluation of donors has led to improved documentation of comorbid conditions over time rather than actual changes in acuity. Given that documented comorbid conditions increased in each of the surgical groups, coding for comorbid conditions may have uniformly increased over time. This may be related to variations in coding specialists by institutions and an increase in the rigor of practice. Thus, although it is unlikely that documented comorbid conditions that are reported are inaccurate (i.e., sensitivity is probably high), there may be a lack of specificity in coding. Finally, these data lack important information specific to transplantation, such as donor information, laboratory values, and medication use.
In summary, this study has several principal findings. First, the procedure-related complication rate for living donors is approximately 8%, which has declined over the past decade and is similar to the rate in patients undergoing appendectomy or cholecystectomy. LOS has declined in recent years and is significantly associated with demographic characteristics, payer status, and presence of comorbid conditions. Documented comorbid conditions have significantly increased in recent years, which may be a product of increased complexity of donors and more rigorous documentation of conditions. Further ongoing efforts to enhance data collection and critically evaluate the long-term health of the living donor population are needed.
